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摘要 
 
土地利用覆被变化（LUCC）是生态环境变化的一个重要因素，它还是人
类活动与世界环境变化之间的一个很好的参照。土地利用覆被变化是由不同的
自然因素造成的，其他一些人类活动也改变了土地覆盖状况，并产生严重的影
响以至于限制了人类生产，破坏环境健康和生态系统服务与功能。分析土地利
用变化的时空特征对于理解和评估城市化带来的后果是至关重要的。 
本研究基于遥感与 GIS 技术，采用回溯分类方法生成了 1992、2001 和
2011 年的卡拉奇市土地利用地图。在此基础上，应用强度分析方法分析了卡拉
奇市 1992-2011 年土地利用变化的格局与过程。并进一步应用 Invest 工具结合
经济模型评估了近 20 年来卡拉奇市土地利用变化导致的生态系统服务功能的动
态变化。 
我们做强度分析以在时间间隔、分类和转变三个不同水平上量化这种变化
的强度。间隔水平的强度显示在研究时期内土地利用发生的不同的比率，第一
时段（1992-2001）变化非常快，第二时段（2001-2011）相对缓慢。在分类级
别，在两个时段内，草地、建设用地和滩涂表现活跃，红树林在第一阶段表现
活跃。转换强度分析显示，红树林的减少与泥滩和水体两类用地有很大关联，
而大部分的建设用地来自于草地与泥滩。在 1992-2001 年间，红树林的覆盖率
在迅速减少，2001-2011 年间，红树林的覆盖率缓慢增加。强度分析显示，在卡
拉奇的沿海地区土地利用的格局与过程在全球许多其他大城市也非常普遍。土
地覆盖的这一变化减少了卡拉奇沿海地区 18%的生态系统服务的价值，损失大
约 8900万卢比。 
 
关键词：LUCC；遥感；城市化；生态系统服务；卡拉奇 厦
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Abstract 
 
Land use and land cover change (LUCC) is a main important factor of 
environmental and ecological change and it is a prominent linkage between human 
activities and global environmental change. Land use and land cover change is driven 
by different natural factors and many other human activities also change land cover 
which produces severe effects that limit availability of products and services for 
human and it can undermine environmental health and ecosystem. Analyzing spatio-
temporal characteristics of land use change is essential for understanding and 
assessing ecological consequence of urbanization. 
This study adopted a backdating classification method to generate land use maps for 
2011, 2001 and 1992 from Landsat 5 Thematic Mapper and Landsat 7 enhanced 
thematic mapper imagery. Intensity analysis was further applied to link the pattern to 
process in land changes in Karachi. Finally, the impact of land change on ecosystem 
services dynamics using InVEST tool coupled with the economic model. 
The classifications results reveal mangrove population has reduced up to 48% from 
1992 to 2011 due to urbanization and other anthropogenic activities in the study area. 
The rapid urbanization coupled with population growth has caused changes in land 
use and land cover in the coastal area of Karachi.  
We did intensity analysis to quantify the intensity of the changes at three different 
levels which are time interval, category, and transition The intensity of the interval 
level revealed land cover change occurred across the study period at different rates. 
The first interval was fast while second interval was relatively slow. At category level, 
mangroves showed rapid decline as dormant category and built up and grassland 
remained active in both interval of time. The transition intensity showed mudflat and 
built up gained from mangroves. The rate of mangrove reduction was rapid in 
between 1992-2001 and slowly increased between 2001-2011.The intensity analysis 
in the coastal area of Karachi  shows information that links patterns to processes of 
land-use and land-cover changes which is common in many other mega cities globally. 
The urbanization and socio-economic factor has become the main driving factor to the 
decline of mangroves population in the study area and this land cover change has also 
reduced 18% of the ecosystem service values in the coastal area of Karachi with the 
loss of 89 million Rupees. 
Key Words: LUCC; Remote sensing; Urbanization; Ecosystem services; Karachi 
厦
门
大
学
博
硕
士
论
文
摘
要
库
Chapter 1 Introduction 
1 
 
Chapter 1 Introduction 
1.1 Background of the Study 
It is crucial to understand the dynamics of the land cover around that has always 
been a necessity and useful to avoid negative significances of land use changes in 
order to maintain the sustainable natural resource management for the human beings. 
Scientists worried that land use dynamics by human activities has appeared as an 
important issue in the larger debate of global change and that change has become the 
main reason  in  concerns with  man-made impacts on the environment and their 
implications for climate change (Gimblett 2005; Pontius and Schneider 2001; Lambin 
and Geist 2001).The main indicators of such changes in the environment are increased 
amount of carbon dioxide in the atmosphere, nitrogen fixation, huge discharge of 
greenhouses gases, transition and fragmentation of forests and vegetation and loss of 
biological diversity (Steffen, Sanderson et al. 2003). At the global scale, land use 
changes cumulatively shift land cover at an accelerating rate and are closely 
associated to the issue of sustainable development through the interaction with 
anthropogenic activities, ecosystem processes, bio-geochemical cycles, climatic 
processes, biodiversity.  
Land cover change becomes a major issue when it affects the ecosystem and that 
ecosystem provides goods and services that benefit, sustain and support the wellbeing 
of mankind. It is important to track land cover change and analyze the likely impacts 
of these changes on ecosystem services as it has been discovered that land cover 
change is crucial factor which affect ecosystem services. Land cover change has been 
found as one of the most important driving factor of change in ecosystems and their 
services.  
As the Karachi city is expanding which is our case study. More people are attracted 
to it, more land is required for urbanization and settlement and more infrastructures 
are required to meet the demand of the population. Therefore, the way land is used is 
possible to change together with land cover and indeed this comes along with a 
significant turnover of ecosystem services from which people get benefits that cannot 
be replicated. This underscores the importance of linking land use land cover change 
analysis with changes in ecosystem services in order to gain a better understanding on  
how land use land cover change affect ecosystem services. 
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Based on the  goal that made for this study, this study has analyzed spatial and 
temporal land cover dynamics by using remote sensing and  geospatial techniques in 
order to find the impacts of  land use and land cover changes on ecosystem services 
between 1992 and 2011 in the coastal area of Karachi City. 
1.2 Statement of the Research Problem  
Many factors played a significant role in land use and land cover change in Karachi 
which as a result of economic development of the country. “Karachi is called as the 
financial capital of Pakistan” as well as the largest and most populous metropolitan 
city of Pakistan and the main sea port and financial centre of the country. In the past 
decades, economic development has driven land changes in Karachi. Economic 
development accelerated across Pakistan, especially in coastal zones as they represent 
the country’s wealthiest and socially diverse part of the country (Lau 2005). It is for 
this reason that coastal zones are centers for major economic, industrial, recreational 
and social activities not only in Pakistan but across the world. A common 
characteristic to coastal zones is their wealth and this makes them to attract more 
people. Favorable bio-physical and climatic conditions, together with the facilities of 
communication and navigation offered by coastal sites, have attracted human 
settlement in coastal areas since prehistoric times. It has been prominent that the 
coastal population densities worldwide are approximately 3 times higher of the global 
average (Small and Nicholls 2003). This leads to rapid economic development of 
coastal zones which in turn exerts a lot of pressure on coastal resources and coastal 
land makes no exception.  
To monitor land use land cover changes (LUCC) is very essential as it helps to 
effective manage and use of natural resources (Jat, Garg et al. 2008).  Increasing in 
the population means more demand for land for building houses and other 
infrastructures such as energy infrastructures to meet the high population demand. 
This cause the changes in land use and land cover which brings many severe 
environmental consequences, especially those inflicted on ecosystems and thus to 
their goods and services.  
It is very important to examine the dynamics of land use and land cover change 
within a period of time and assess their effects on the ecosystem services in order to 
deal with these effects to get sustainability. (Lambin, Geist et al. 2003) stated that the 
effects of LUCC are well studied, and due to this reason, it is important to understand 
LUCC and its effect on the overall ecosystems on the time. Obviously, land use and 
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land cover change have a significant impact on the ecosystem and thus to the welfare 
of the people as they depend on the ecosystem for adequately of goods and services 
such as food, clean water clean air, climate regulation, recreation activities, etc. 
According to Miao and other experts research on LUCC is realized as important by 
the international scientific community (Miao, Zhu et al. 2013).  
As with the rapid development of Karachi city with population growth from the 
residential and industrial point of view; it is too necessary to analyze its land use, land 
cover dynamics and evaluate what are the consequences these changes have on 
ecosystem services with the objective of sustaining the benefits people get from 
ecosystems and in this way insure sustainable development. In addition to that 
developmental growth, Karachi is the 2nd-largest city in the world by population 
within city limits. The pact that the population increased in this city, pressures the 
importance of analyzing the impacts of rapid development attached with population 
growth have had on land use and land cover and to evaluate what impacts these truths 
brought on ecosystem services. Understanding the relationship between LUCC, 
human activities and natural phenomenon is crucial in order to manage and plan land 
effectively.  
 The research questions to be addresses in this study area are as follows: 
(1)  How much is the quantitative land cover changes at the coastal area of Karachi? 
(2) What are the impacts of land cover changes on the local ecosystem services and                 
environment? 
1.3 Significance of the study  
Land use and land cover analysis is valuable research area. To conduct this research, 
there is a need for new and updated information that can help to conduct future 
researches. Most significantly, this study will potentially help as a reference document 
for land managers in Karachi city for effective planning and better land management 
practices. 
1.4 Objectives of the study 
According to the data analysis what we have done from multiple sources, we guess 
there have been certain amount of transitions in the coastal area of Karachi which is 
our study area. For sustainable management of land, it is important to find out the 
dynamics of land use land cover changes by time to time and which driving 
factors/forces are causing this change, and what are the effects of this change on the 
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environment and ecosystem. The specific research objectives of our study are as 
follows: 
(1) To determine the quantitative changes on land morphology in the coastal area 
of Karachi in two decades by using multi temporal Landsat data. 
(2) To evaluate the effects of land use transitions on the ecosystem services 
dynamics in coastal area Karachi. 
1.5 Hypotheses  
The literature review has led us to the assumptions about the changes in land use 
and what might be the reasons and impacts of these changes in land use and land 
cover change. Here under are the hypotheses for our research.  
(1) Due to increasing Karachi city economic development and population growth 
between 1992 and 2011, land use and land cover have changed and mostly 
unused land have been transferred to urban area and parks and settlement areas 
to meet the population demand. 
(2) A change in land use and land cover resulted into a disruption of some 
ecosystem services in study area of Karachi city. 
1.6 Study Area 
The study area approx. 209 square km lies on the coastal area of Karachi to the 
Arabian Sea. Karachi is the capital of Sindh province and the largest city of Pakistan 
which is situated to the 24.8600° N, 67.0100° E of Pakistan. The total area of Karachi 
is around 3,527 km² and the major part of the area contains flat or rolling plains with 
hills on the western and northern boundaries of the urban mass. The city contains two 
rivers named as Malir River and Lyari River for the drainage of water flow through 
the city. With its sub-tropical geographical location, the climate of Karachi is 
moderate due to sea breeze. The average precipitation in the city is around 177 
mm/year. July and August are the precipitation months in which city experiences a 
bulk of rainfall. Summers are long in Karachi. The maximum temperature reaches up 
to 43  C in  ay and  une which are the hottest  onths of the year.  inters are short 
and  ild in the city and  anuary is the coldest  onth in which te perature falls up to 
   C low. The best time to visit Karachi in July, December, February and March in 
which the weather becomes pleasurable and pleasant. 
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Karachi metropolitan has an probably population of over 23.5 million people as of 
2013, and area of approximately 3,527 km
2
 (1,362 square miles), resulting in a 
density of more than 6,000 people per square kilometer (15,500 per square miles). 
The dynamic coastal activities coupled with strong winds during the monsoon 
season play an important role in shoreline erosion and other modifications like land 
accretion along the coastline. 
Due to the presence of deep water, Karachi is serving as a major sea transport center 
and holds two major ports which are Karachi Port Trust and Port Mohammad Bin 
Qasim. The city is an important hub for fishery business in Pakistan. 
The study area since past decades, many wetlands has been reclaimed by disturbing 
water sources or by drainage. The inter-tidal areas at Clifton Beach have been 
reclaimed for urban development. Many residential areas of Karachi are now located 
on the coastline. A small amount of mangroves around the Native Jetty before the 
land reclamation started used to serve as habitat for migratory birds 
The study area has sufficient provided with ecological and biodiversity value. 
Mangrove forest provides good feeding, sheltering and breeding ground for many 
species of birds. The mangrove forest at Karachi is similarly important as it provides a 
typical wetland ecosystem close to the city. There is only one species of mangrove in 
the backwaters of the study area which is Avicenna marina.  
 
 
Fig.1-1 Satellite view of Karachi 
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